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1.0 Introduction

1.1 IdentificationOf Document

This document,MSFC-SPEC-2058constitutesthe softwaredesignspecification
for the Lightning Imaging Sensor(LIS), a scienceexperimentfor the Tropical
Rainfall MeasuringMissing (TRM M).

1.2 ScopeAnd Precedence

This documentinterpretsthe requirementsfor LIS softwareestablishedin
MSFC-SPEC-2026,the “Lightning Imaging SensorSoftwareRequirements
Specification,”(Reference1) and establishesa designto be usedfor coding
that will implementthe requirements.This designis an implementationof the
plansdescribedin MSFC-PLAN-2025,the “Lightning Imaging SensorSoftware
Management,DevelopmentAnd TestPlan” (Reference2), sections3.0 and4.0.

In the eventof conflict betweenthis documentand Reference1, Reference1
shall takeprecedence.

1.3 PurposeAnd Objectives

This documentprovidesthe designto be usedfor coding of LIS software. This
documentis a tool usedto producecodethat will satisfy all requirements
(Reference1).

1.4 Document StatusAnd Schedule

This documentwill be reviewedat the SoftwarePreliminaryDesign Review
(SWPDR) in September,1992. Although the documentis not expectedto be
completed,the scopeand format of the documentshould be established,and
the major topicsaddressedto a preliminary level, readyfor detaileddevelop
ment. Thepurposeof reviewing the documentat this time is to assurethat all
requirementsarebeing addressed,andthat the designeffort is proceedingin a
mannerconsistentwith the programschedule.This versionof the documentis
known asthe “Preliminary SoftwareDesignSpecification.”

This documentwill be completedand reviewedat the SoftwareCritical Design
Review (SWCDR). The purposeof this documentreview is to establishthe
completenessand accuracyof this document,in preparationfor software
coding. This documentwill be baselinedat SWCDR and maintainedunder
configurationcontrol. This versionof the documentis known asthe “Software
DesignSpecification: Code-To.”
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At the softwareTest ReadinessReview, this docurnnt,and all ngineering
ChangeOrders (ECOs) appliedto the document,wil be reviewcdThisreview
will establishthat the designdocumentis consistentNith the softwarecode.
This version of the documentis known as the “Software Design Specification:
As-Built.”

At Configuration Inspection(Cl), this documentwill be revieweda final time.
This final review will certify that all changesto the design,as requiredby the
testing,havebeenincorporatedinto the designdocurent. The Ci Review will
again baselinethis documentasthe final version. This versionof the document
in known simply asthe “Software DesignSpecification.L

1.5 DocumentOrganization

This documentis organizedinto four major sections:

Section 1.0 (this section) containsconfiguration infornation. Section2.0 con
tainsreferenceinformation. Section3.0 containsthe szftwaredesignfor the LIS
flight instrument. Section4.0 containsthe softwaredesignfor the electrical
groundsupportequipment(EGSE) usedasa portablecheckouttool andTRMM
interfacesimulator.
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1.6 Definitions, Abbreviations,And Acronyms

AR AcceptanceReview
A/D Analog to Digital
ADP AutomaticDataProcessing(Equipment)
BCRT Bus Controller/RemoteTerminal
CCSDS ConsultativeCommitteeFor SpaceDataSystems
CDMS (LIS) CommandAnd DataManagementSystem
CDR Critical DesignReview
C&DH (TRMM) CommandAnd DataHandling (System)
Cl ConfigurationInspection
COTS CommercialOff-The Sh&f (Software)
CSCI ComputerSoftwareCongurationItem
DAS (Housekeeping)DataAcquisition System
DMS (LIS) DataManagementSystem
E&A EngineeringAnd Analysis (Software)
EGSE ElectricalGroundSupportEquipment
FDS (TRMM) Flight DataSystem
FPA Focal PlaneArray
GSFC GoddardSpaceFlight Center
H-Il (JapaneseLaunchVehidefor TRMM)
H/K Housekeeping
Hz Hertz
IRD InterfaceRequirementsDocument
ISA IndustryStandardArchitecture
Ic3SE InstrumentGSE (for LIS. the ‘EGSE’)
I/O Input Output
LIS Lightning ImagingSenscr
LSB LeastSignificant Bit
MIL-STD Military Standard
ms Millisecond
MSFC Marshall SpaceFlight Center
N/A Not Applicable
NASA NationalAeronauticsandSpaceAdministration
OOP ObjectOrientedProgramming
PDR PreliminaryDesignReview
PROM ProgrammableReadOn Memory
RAM RandomAccessMemory
ROM ReadOnly Memory
RTEP Real-TimeEventProcessor
SGSE (TRMM) SpacecraftGSE
SWRD (LIS) SoftwareRequirementsDocument
S/W Software
S/W CDR SoftwareCritical DesignReview
S/W PDR Software PreliminaryDesignReview
S/W RR SoftwareRequirementsReview
TBD To Be Determined
TBS To Be Supplied
TRR TestReadinessReview
TRMM Tropical Rainfall MeasurementMission
XDS ExtendedDevelopmentSupport
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2.0 RelatedDocumentation

2.1 ReferenceDocuments

Reference1 MSFC-SPEC-2026,“Lightning lmagirg SensorSoftware
RequirementsSpecification,”

Reference2 MSFC-PLAN-2025, “Lightning Imaging Sensor Software
Management,DevelopmentAnd TestPlan”

Reference3 TMS32OC2XUsersManual

ReferenceX Turbo C+ + Version3.0 UsersGuide

ReferenceX MS-DOSVersion5.0 UsersGuide

ReferenceX TRMM IGSE/SGSEInterfaceRequirementsDocument

2.1 InformationDocuments

Information 1 CCSDSPacketTelemetryRecommendations(GreenBook)

Information2 CCSDSTime CodeRecommendaticis(Blue Book)

Information3 CCSDS RecommendationsFor Fe-mattedData Units (Red
Book)

:nformation4 KeriganAnd Richie “C Programming’

Information5 (TBD) C + + Programming.Reference
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3.0 LIS Flight SoftwareDesign

LIS flight softwarewill be developedto run the onboadoperationof the Light-
fling Imaging Sensor. Flight softwareexecuteson one TexasInstruments
TMS320C25microprocessorwhich is partof the LIS ODntroller I/O board.

3.1 Flight SoftwareDevelopment

Flight softwareis developedin assemblylanguagefcr the TMS320C25micro
processor.Assemblylanguageis consideredadequatefor microprocessor
operation,andcontrol of the LIS instrument.

Flight softwarewill be developedby personnelin the CommunicationSystems
Branchof the Computersand CommunicationSystemsDivision of the Informa
tion andElectronicSystemsLaboratory.

The LIS datasystemsdevelopmentlaboratory,locatedin EB33, is the primary
facility for flight softwaredevelopment. Codecan also be developedusing
office IBM compatiblecomputers. The LIS developmentfacility will provide the
locationfor softwaremaintenanceandsometesting. housesthe LIS software
library which containshard copiesof code,unit dev&zpmentfolders, andperti
nentLIS softwaredocuments.

3.1.1 ComputerSoftwareConfigurationItems (CSCIs,

LIS flight softwareis developed,tested,and maintanedunderconfiguration
controlledby using a CSCI designstructure. EachCSCI is given a unique
name,WBS number,and brief description. The flight softwareCSCI’s are listed
below, andcan alsobe found in the LIS S/W Manacement,Developmentand
TestPlan (Reference2).

3.1.1 .1 Initialization

This CSCI coversthe initialization of the LIS systen. The microprocessor,
BCRT, Focal Plan Array, RTEP, HeaterController, rousekeepingbuffer, and
packetbuffersareinitialized uponsystempowerup, c- upon receiptof a RESET
command.

The requirementsgoverningthis CSCI aregiven in SVRD 3.1

3.1.1.2 SystemTest

This CSCI refersto an operationaltestof the LIS system. The testdeterminesif
the valueandlocationof a light sourceis correctly receivedandsentto ground.

The requirementsgoverningthis CSCI aregiven in SV.RD 3.4

3—1
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3.1.1.3 Main OperatingLoop

This CSCI coversthe microprocessoroperationof packetbuilding. The infor
mation in the datapacketsconsistsof lightning eventvalues,line address,pixel
address,backgrounddata, andtime stamp.

The requirementsgoverningthis CSCI aregiven in SWRD 3.4

3.1.1.4 InterruptHandlers

This CSCI providesroutinesto acknowledgeand respondto the threeexternal
interruptsto the microprocessor.Theseinterruptsare generatedby the Real
Time Event Processor(RTEP), the BCRT interfaceto the 1773 bus, and time
mark interface.

The requirementsgoverningthis CSCI aregiven in SWRD 3.5

3.1.1.5 1773 Bus Communication

This CSCI governscommandreception,anddatapackettransmissionsover the
1773 bus, including the packetizationalgorithms,and the FDS handshaking
protocol.

The requirementsgoverningthis CSCI aregiven in SWRD 3.6

3.1.1.6 EngineeringandAnalysisSoftware

This CSCI refersto the softwarecodewritten to supporthardwaredevelopment.
Thereareno firm requirements,or testplanslevied on this software. In general,
E&A softwarewill be codesimilar in function to the final EGSEcode,but written
informally on as-neededbasis.

When formal coding begins,E&A softwarethat hasbeenutilized will prove a
valuablereference,andwill be a referencefor a successfulcoding program.

The requirementsgoverningthis CSCI aregiven in SWRD 3.8

3.1.2 DevelopmentTools

Flight softwarewill use IBM compatiblecomputers,and the TexasInstruments
TMS32O development supporttools. Theseinclude a TMS32O Macro Assem
bler/Linker, the TMS320C25Simulator, the TMS320C25 Emulator (XDS/22).
(SeeFigureTBD.)

3.1.3Module FormulationandStructure

Flight softwareis structuredin modularfashion. A moduleof flight code serves
asa functional unit. The flight softwaremodulesfollow, asclosely aspossible,
the decompositiondescriptionslisted in section3.4 of this document.

3—2
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3.1.4 ExecutableCodeCreation

3.1.4.1 RequiredHardware

The hardwarerequiredto createexecutableflight soft’areconsistsof:
1) IBM compatiblecomputer,
2) floppy disk containingflight sourcecode,
3) theTI XDS/22 emulator,
4) a TBD EPROM programmer.

3.1.4.2 RequiredSoftware

The software required to createexecutableflight sofware consistsof:

1) the assemblylanguageflight sourcecode,
2) theTI TMS32OAssembler/Linker,
3) TBD EPROM programmingsoftware.

3.1.4.3 Procedure

TBS

3.2 HardwareSummary

3.2.1 MicroprocessorArchitecture

The TMS320C25is the secondgenerationof the TI TMS32O family of micro
processors.The C25 is a CMOS device,with an instruDtion cycle time of 100 ns.
It hasa total of 133 instructions,eight auxiliary registers,and an eight level
hardwarestack.

The C25 hasa modified Harvardarchitecture.This allows transfersbetween
programanddataspaces,maximizing processorpowerandexecutionspeed.

The C25 has544 16 bit wordsof on chip dataRAM. C this, 288 wordsaredata
memory,and 256 wordscan be configuredaseitherprogramor datamemory.
This size allows the C25 to handlea dataarray of 512 words, and still have32
wordsavailable for intermediatestorage.While usingon chip programRAM or
ROM, theC25 runsat full speedwithout wait states.

Therearethreeseparateaddressspacesfor program,data,and I/O. The C25
hasa 32 bit accumulatorwhich is split into two 16-bi segmentsfor storagein
datamemory.

Flight softwaredesignusesthreeof the six on- chip rremorymappedregisters,
and8 auxiliary registersfor indirect addressingor temporarydatastorage. The

3—3
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C25 instruction set providesthree memory addressingmodes:direct and mdi
rect, for accessingdatamemory,andimmediateaddressing.

The C25 hasa repeatfeaturethatcanbe usedin cornctionwith other instruc
tions, allowing a single instructionto be performedup to 256 times. Multicycle
instructionsarepipelined,andeffectively becomesingecycle instructions.

3.2.2 SystemControl

Systemcontrol can be accomplishedby the programcounter,hardwarestack,
externalresetsignal, interrupts,hold operationandwait states.A threelevel
pipeline organizationprovides independentprefet’i, decode,and execute
instructions.

In addition, if power is cycled,the systemwill reinitialize.

3.2.3 Input/OutputCapability

TheTMS320025softwareinstructionscanaccess16 input ports, and 16 output
ports. The four LSB of the addressbusspecifythe port beingaccessed.I/O
devicesare mappedinto the I/O addressspaceandnto off chip datamemory
mappedregisters.

3.2.4 OperatingCharacteristics

The operatingcharacteristicsfor theTMS320C25canefound in AppendixA in
theTMS32O User’sGuide (Reference#TBD).

3.2.5 Interrupts

The TMS320C25hasthreemaskableexternalinterrups,INT2 - INTO. RESETis
theonly non maskableexternalinterrupt.

The flight softwaredesignusestwo of the C25’s intenal interrupts: the timer
interrupt (TINT), andthe softwareinterrupt (TRAP).

Detailsaboutthe interrupt locationsandpriorities canbe found in section3.8 of
theTMS32O User’sGuide (Reference#TBD).

3.3 SoftwareFunctionalCharacteristics

3.3.1 ProgramControl

Flight softwareprogramcontrol is accomplishedby hterruptsand commands.
Threeexternalinterruptsare the RTEP interrupt, th BCRT interrupt, and the
Time Mark interrupt. Commandsare receivedby the 1773 interface and
decodedandexecutedby software.

3—4
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The interruptsaredefinedin section3.4.3of this document.A list of commands
is found in section3.3.4of this document.

3.3.2 ProgramInput/OutputCapability

The LIS flight softwareis requiredto acceptthe following inputsfrom the TRMM
spacecraft

-Instrumentcommands
-FDS acknowledges
-Time broadcasts
-Time markcounts

LIS flight softwareis requiredto provide the following outputsto the TRMM
spacecraftin the properpacketformat:

-RealTime EventProcessor(RTEP) data
-Housekeepinginformation
-Miscellaneousstatusinformation

3.3.3 OperationalModes

LIS flight softwareis designedto have three modesof operation.The com
mandsfor enteringor exiting thesemodesare receivedover the TRMM 1773
fiber optic bus,via a DMA interfacewith a UTMC1553BBCRT.

1) BackgroundSendMode ON: This is consideredthe normal modeof opera
tion for the LIS instrument. In this mode,the packetssentto groundcontain
both eventdataandbackgroundinformation. It is thedefaultmodeof operation
upon completionof the RESET routine. The mode is terminatedwhen com
mandedto anothermodefrom the ground.

2). BackgroundSendMode OFF: In this mode,the instrumentwill sendpack
ets to the groundthat containeventdataonly. This mode is initiated and
stoppedascommandedfrom the ground.

3). SystemTest Mode ON/OFF: This modeconsistsof an instrumentself-test
that runswhen commandedfrom the groundto determinethe operational
healthof the LIS.

3.3.4 DatabaseDefinition

The LIS RT addressis 20. The LIS real-timeserial commandsare given in
FigureTBD.?
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I HOUSEKEEPINGSTATUS WORD
- II isj 141 131 i1 iii 10 91 81 71 61 51 41 3] 2j ii oj

Eit Pcsitic’n Meaninq

15 Backqri:.L(nd Send Mode (10N; 2=OFF)14 Self Test (1DN; 2OFF)13 i2ipert iii- e Docir (1 OPEN; O=C:LDSED12 Watchdcq (1=ENñELE; (:)=DIsFLE:)11 Primary Heaters (1YES;O=NO)10 RedundantHeaters (1ON; COFF)9 Events In Packet (:1=YEs;o=No)B Eackqr’-iund In Pa’: ket (:1 =YES; 0N0)7 Valid Command Receivednd ExecutedS Invalid C:ctmmand Re’:eived
5 Threshold Update Error
4 Threshi:ild Update Suc’:essful

Threshold Update Unsu’:’:essful
perture Dccii- Open Error

1 Heater ‘D’:’ntr’:’ller 29VC) Spve

COMMAND STATUS
11EI 14113112111110191817161514131211101

LAST COMMAND RECEIVED > I

1 3] 21 ij ol 31 2111 01 3121 11 01 31 21 i 0
LAST COMMAND EXECUTED >

2 3] 2111 oJ 31 2111 ol 31 2111 01 3J 21 ii 0

8 PACKED THRESHOLDWORDS I
[1511411311211111o1918171615141312111o1
I !

0 < WORD NUMBER

<-- 5-BIT WORD (1)3 2 1 01 41 31 21 ii 1<—5-BITWORD(0)

1 < WORD NUMBER—j
+T<--F1LLER

________

1 5-BIT WORD (15)4 3 2 1

°Li 31 21 ii 0]<—5-BITWORD(14)





INSTRUMENT PACKET WORD FORMATS

PRIMARY HEADER (3 WORDS)

CPU WORD FORMAT

<------ PACKET SEQUENCECONTROLWORD >
1 J ii <--SEGMENTFLAGS

1131121111101 91 81 71 61 51 41 31 21 ii a
<-------- PACKET LENGTH WORD >

3 151 14j 131 12j iii io 91 8 71 61 sI 41 3j 21 ii C

MISSION ELAPSEDTIME WORDS
15 1 13 12 11 10 9 8 6 5 4 3 2 1 0

1 31 30 29 28 2 2 25 24 23 22 21 20 19 18 1 1
2 15 1 13 12 11 10 9 8 6 5 4 3 2 1 0
3 ss ss ss ss ss ss ss ss ss ss ss ss ss ss ss sS
40000000000000000

FRAME SYNC WORD
15 141 13 12 11 idl 8 71 61 5 4 3 2 1 01111 iililililili 11111

EVENT LOCATION WORD
1514 131121111101 91 91 71 81 51 ‘ii 31 21 ij 0

1 0 0 <—FiLLER

81 51 41 31 2j ii 01 <-- ROW ADDRESS
1 81 51 41 31 2j ii 0

EVENT VALUE WORD
15141312(1110 8j71615I413I21ilo1 1 1 0 0 1 1 01 0 <--EVENT ID

71 61 41 31 21 ‘1 0

BACKGROUND VALUE WORD
15141131211110191817161514131211101 1 ol 1 0 <-BACKGROUND ID

iiliol 91 81 71 61 51 41 31 21 ii 0

HOUSEKEEPINGANALOG WORD15 14 13 12 iii iot 91 81 71 81 sI 41 3j 21 ii 0
1 3 2 1 0 <-CHANNELADDRESS

15( i4 13j 121 iij 101 91 8j 71 61 51 41 31 21 1 0

1

3fT2J1ö1 91 81 71 61 51 41 31 Lfl
PACKET IDENTIFICATION WORD >

0 I 0 oj <--VERSION NUMBER
I oj<—TYPE

Li <- SECONDARYHEADER FLAG

2

11°! 91 81 71 61 1 41 31 21 i[ 0 <-- APPUCATION PROCESSID

<— SOURCESEQUENCECOUNT

<--MS SECONDS
<--LSSECONDS
<-- MS SUBSECONDS
<-- LS SUBSECONDS

<— COLUMN ADDRESS

<-- VALUE

<— VALUE

iiliol 91 81 71 61 51 41 31 2j ii ol <—VALUE





LIS REAL-TIME SERIAL COMMANDS

The LIS hasthe following 1773 commandrequirements:

I -- BackgroundSendMode ON. (Normal mode)
2 -- BackgroundSendMode OFF.
3 -- ThresholdAdjustment.
4 -- Filter TemperatureSetPoint.
5 -- Self Test.
6 -- AperatureDoor Open.
ADrehed.
8-- SafeMode.
9 -- WatchdogEnable.
10 - WatchdogDisable.

The abovecommandsshall be sentasa 1773 messageto• ‘ subaddress.

The following definesthe 1773 messagerequiredfor eachcommand.

1 -- BackgroundSendMode ON.
Sendthe following one (1) word (hex) message:

1111.
2 -- BackgroundSendMode OFF.

Sendthe following one (1) word (hex) message:
2222.

3 -- ThresholdAdjustment.
Sendthe following nine (9) word (hex) message:

3333,Oxxx, lxxx, 2xxx, 3xxx, 4xxx, 5xxx, 6xxx, 7xxx.
4 -- Filter TemperatureSetPoint.

Sendthe following two (2) word (hex) message:
4444, Oxxx.

5 -- Self Test.
Sendthe following one (1) word (hex) message:

5555.
6 -- ApertureDoor Open.

Sendthe following one (1) word (hex) message:
6666.

7 -- ApertureDoor Closed.
Sendthe following one (1) word (hex) message:

7777.
8-- SafeMode.

Sendthe following one (1) word (hex) message:
8888.

9 -- WatchdogEnable.
Sendthe following one (1) word (hex) message:

9999.
10 --WatchdogDisable.

Sendthefollowing one (1) word (hex) message:
A.

JonRichardRehage,EB33, 05/06/9208:57AM (c:\winword\lis\liscmdl.doc)





LIS Real—Time Serial Commands
(-continued-)

11 — Primary Heater On
Send the following one (1) word (hex) message: BBBB

12 — RedundantHeater On
Send the following one (1) word (hex) message: CCCC

13 — Enable Filter Monitoring
Send the following one (1) word (hex) message: DDDD

14 — Disable Filter Monitoring
Send the following one (1) word (hex) message: EEEE
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MEMMAP3.WK1

)ETAILED MEMORY MAP/PAGE 4

iflM (IIEX> TO It OF WORDS II WORDS <iirx> DESCRTPTION

4770 4777 8 8 RCV SUBADDRESS MESSAGE
STATUS SPACE (8)

4778 4?8C 21 15 XMIT SUEJADDRESS MESSAGE
STATUS SPACE <21)

4780 47BF 3 3 MODE CODE MESSAGE
STATUS SPACE

1790 47AF 32 20 INTERRUPT LOG LIST/SCRATCH PAD

1968





EXTERNAL MEMORY

1 HlT INI INI1INfl
ADDRESS ADDRESS LJORDS<d) UESLRIPIIUN

4000h 413F 320 REMOTE TERMINAL DESCRIPTOR SPACE

4140h 4151 18 RT INTERNAL REGISTERS

4152h 41EDh 155 DESCRIPTOR POINTERS

41EEh 42A7h 185 RCV SUBRDDRESS SPACE

42ABh 44A9h 514 XMIT SUBADDRESS DATA SPACE/DATA PACKET 1

44AAh 4SABh 514 XMIT SUBRDDRESS DATA SPACE/DATA PACKET 2

4SACh 46EDh 66 XMIT SUBADDRESS DATA SPACE/HOUSEKEEPINGPACKET 1

4SEEh 472Fh 65 XMIT SUBRDDRESS DATA SPACE/HOUSEKEEPINGPACKET 2

473Oh 473Fh 15 MODE CODE DATA SPACE

4740h 478Dh 78 SUAADDRESS MESSAGE STATUS SPACE

478Eh 479Fh 19 INTERRUPT LOG LIST

47ROh 47AFh 16 SCRATCH PAD

4?BOh 492Fh 384 BACKGROUND MEMORY BUFFER 1

493Oh 4AAFh 394 BACKGROUND MEMORY BUFFER 2

4ABOh 7FFFh 13648 SCRATCH PAD

MEMORY MAPPED I/O

STARTING ENDING
ADDRESS ADDRESS WORDS<d) DESCRIPTION

8000h BOODh 14 BCRT INTERNAL REGISTERS READ/NRITE

AOO1h 1 FINE TIME COUNTER/READ TIME

AOO2h 1 FINE TINE COUNTER/LATCH TIME

0000Ii 1 WI1TI) 1’OG/R[ET
t (ii II I I iIi Ii’) 1f1111/[’I I IiF1I F
LJt.JLJL.JI I Iii I I 11*1 ii I Iii ii ii I





DELISA WILKERSON
PAGE 1 OF

RTDSSA+F’C
RTDSSA+100

DATA START STOP

4000
4001
4002
4003
4004
4005
4006
4007
4008
4009
40CR
40DB.
40CC

407C
129 4080

4081
4082
4083
4084
4085
4086
4087
4088
4089
4OBFi
40GB
408C
4080
408E
40SF
4090

RCV SUBRDR #1 Cr10 WORD
#1 STRTUS LIST POINTER
#1 DATA LIST POINTER
RESERVED
RCV SUBADR 4*2 CMD WORD
#2 STATUS LIST POINTER
#2 DATA LIST POINTER
RESERVED
RCV SUBADR #3 CMD WORD
#3 STATUS LIST POINTER
#3 DATA LIST POINTER
RESERVED
RCV SUBRDR #4—31 CMD WORD
#4—31 STATUS LIST POINTER
#4—31 DATA LIST POINTER

4078 RESERVED
4O7F UNUSED

XMIT SUSRDR #1 CMD WORD
*tl STATUS LIST POINTER
#1 DATA LIST POINTER
RESERVED
XMIT SUBRDR 4*2 Cr10 WORD
#2 STATUS LIST POINTER
#2 DATA LIST POINTER
RESERVED
XMIT SUBRDR #3 Cr10 WORD
#3 STATUS LIST POINTER
#3 DATA LIST POINTER
RESERVED
XMIT SUBRDR 114 Cr10 WORD
1*4 STATUS LIST POINTER
#4 DATA LIST POINTER
RESERVED
XMIT SUBADR #5—31 Cr10 WORD
#5—31 STATUS LIST POINTER
*5—31 DATA LIST POINTER

(jft 1 I 04rfl(C flDDRC flDOR[ DECR111 ION

RTDSSR 128 TIME CODE

:D:D:D:D:D:0DDDD0DDDDD
1:1:1 i 1 1 9fl761132 1:0:

:2:1O’ I I I I I I I I I

RTDSSA+7C
RTDSSR+BO

COMMANDS

THRESHOLD

ILLEGAL SUBADDRESS

DATR PACKET

:HOUSEKEEPINr PACKET

ILLEGAL SUBADDRESS

I I I I IIIIIIII liii
I I I I I I 11111111111
I I I I I I I I I I I I I I I

I I I I I I I I I I I I I I I I

I I I I I I I I I I

I I I I I I I 1111111I I I I I I I I I I I I I I .1 I

I I I I I I I I I I I I I I I

1111111 I I I 1,11111
I 1111111 I 1,11111 I* I I I I I I I I I I I I I

I I I IIIIIIIIIIIII

I I I I I I I

* I I I I I I I I

I I I I

4OFB RESERVED
4OFC 40FF UNUSED

130 4100 MODE ,CODE #1—16 CMD WORD
4*1—1, STATUS LIST POINTER
#1-16 DATA LIST POINTER

413F RESERVED





BCRt MEMOR’? MAP 432
DELISA WILKERSON

MEMMRP3. UK1

DETAILED MMDRY MflP/PFE 2

FROM (HEX) TO 4 OF WORDS # WORDS <HEX) DESCRIPTION

4180 41CF 32 20 RCV SUBADDRESS #1 DATA SPACE
COMMAND PACKET 141D0 41EF 32 20 RCV SUBADDRESS #2 DATA SPACE
COMMAND PACKET 241F0 420F 32 20 RCV SUBADDRESS #3 DATA SPACE
COMMAND PACKET 34210 422F 32 20 RCV SUBADDRESS 4*4 DATA SPACE
COMMAND PACKET 44230 424F 32 20 RCV SUSADDRESS #5 DATA SPAC
TIME CODE4250 42SF 32 20 RCV SUBPDDRESS #6 DATA SPACE.
RESERVED4270 429F 32 20 RCV SUBFIDDRESS #7 DATA SPACE
RESERVED -4290 42AF 32 20 XMIT SUBADDRESS 4*1 DATA SPACE’
DATA PACKET 1/14280 42CF 32 20 XMIT SUBADDRESS #2 DATA SPACE
DATA PACKET 2/142D0 42EF 32 20 XMIT SUBADDRESS #3 DATA SPACE
DATA PACKET 3/142F0 43OF 32 20 XMIT SUBADDRESS #4 DATA SPACE
DATA PACKET 4/14310 432F 32 20 XMIT SUBADDRESS #5 DATA SPACE
DATA PACKET 5/14330 434F 32 20 XMIT SUBADDRESS #6 DATA SPACE
DATA PACKET 6/14350 43SF 32 20 XMIT SLIBRDDRESS #7 DATA SPACE
flflTfl PRTKFT 7/14 II H H H H $11) flhlTfl !‘Ii1’l
iii H i ii a14390 43FiF XMl ,LIUHLIURLSS #‘J UtI[lI SPHCL
DATA PACKET 9/143B0 43CF 32 20 XMIT SIJBADDRESS #10 DATA SPACE
DATA PACKET 10/143D0 43EF 32 20 XMIT SUBADDRESS #11 DATA SPACE
DATA PACKET 11/143F0 440F 32 20 XMIT SUBRDDRESS #12 DATA SPACE
DATA PACKET 12/14410 442F 32 20 XMIT SUBADDRESS #13 DATA SPACE
DATA PACKET 13/14430 444F 32 20 XMIT SUBADDRESS 4*14 DATA SPACE
DATA PACKET 14/14450 44SF 32 20 XrIIT SUBRDDRESS #15 DATA SPACE
DATA PACKET 15/14470 44SF 32 20 XMIT SUSADDRESS #16 DATA SPACE
DATA PACKET 16/1





MEMMAP3. WK1

DETAILED MEMORY MAP/PAGE 3

FROM <HEX) TO ft OF WORDS ft WORDS (HEX> DESCRIPTION

4480 44CF 32 20 XMIT SUBRDDRESS #1 DATA SPACE
DATA PACKET 1/2

44D0 44EF 32 20 XMIT SUBRDDRESS #2 DATA SPACE
DATA PACKET 2/2

44F0 450F 32 20 XMIT SIJBADDRESS #3 DATA SPACE
DATA PACKET 3/2

4510 452F 32 20 XtIIT SUORDDRESS #4 DATA SPACE
V DATA PACKET 4/2

4530 454F 32 20 X1IT SUBRDDRESS #5 DATA SPACE
DATA PACKET 5/2

4550 456F 32 20 XMIT SUBADDRESS #6 DATA SPACE
DATA PACKET 6/2

4570 45SF 32 20 XMIT SUBADDRESS #7 DATA SPACE
DATA PACKET 7/2

4590 45AF 32 20 XMIT SUBADDRESS #9 DATA SPACE
DATA PACKET 8/2

4580 45CF 32 20 XMIT SUBADDRESS #9 DATA SPACE
DATA PACKET 9/2

45D0 45EF 32 20 XMIT SUBADDRESS 4*10 DATA SPACE
DATA PACKET 10/2

45F0 460F 32 20 XMIT SUBADDRESS #11 DATA SPACE
DATA PACKET 11/2

4610 462F 32 20 XtIT SU8ADDRESS #12 DATA SPACE
DATA PACKET 12/2

4630 464F 32 20 XMIT SUEJADDRESS #13 DATA SPACE
DATA PACKET 13/2

4650 46SF 32 20 XMIT SUBADDRESS #14 DATA SPACE
DATA PACKET 14/2

4670 46SF 32 20 XMIT SUDRDDRESS #15 DATA SPACE
DRTfl PACKET 15/24690 46F1F 32 20 xriii SUSADDRESS #16 DATA SPACE
DATA PACKET 16/2

4680 4SCF 32 20 XMIT SUDADDRESS 4*17 DATA SPACE
HOUSEKEEPING /2

46EF 32 20 X1IT SUBADDRESS #18 DATA SPACE
RESERVED

470F 32 20 XMIT SUBADDRESS #19 DATA SPACE
RESERVED

4710 472F 32 20 XMIT SUDADDRESS #20 DATA SPACE

4730 4?4F 32 20 tIODE CODE DATA SPACE

4750 476F 32 SCRIfrCH PAD
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3.3.5 Memory Allocation

A memorymapfor theTMS320025is providedin FigureTBD.

3.3.6StorageAllocation

All LIS storagefor orbital operationsis within volatile RAM. Therefore,there is
no provision for storage,beyondthe memoryto contain the two packetsof
sciencedata,the two packetsof housekeepingdata,the two coarse-timeloca
tions, andscratch-padmemory.

3.3.7 RestrictionsandConstraints

LIS flight softwareis designedwith the following restrictionsandconstraints:

mory Allocation: Capability to store two 8 kilob datapackets,plus two
64 bit ousekeepingpackets.

,‘ ) 4 c—
2 -,4, Zo C’

2). Timing Requirements. c.’ ec.( T i v
a) A packetis formed every 512 frames,or when thereare a sufficientnumber of events to fill a packet.

3Z-
.Ø--- b) Commandswill be readwithin1-25-milliseconcis.

C) No repeatcommandswhich last morethan 1.9 microsecondssincethis is
a non-interruptiblestatewhich would preventthe BCRT from gaining DMA
control.

3.4 DecompositionDescription

The following descriptionprovidesmore information for the flight software
modulesrequired. This structureis designedto repres-enta logical continuity offunction and requirements,irrespectiveof the CSCI structure. Top level flowdiagramsshowoverall modularstructure.

3.4.1 Initialization

Thesesoftwaremodulescomprisethe total initializaton process,both of themicroprocessorand its resources,and the othersystemswithin the US instrument.

3.4.1.1 TMS320C25Initialization

After systempower up, the thresholdmemoryis written, the BCRT is initialized,the backgroundbuffer is emptied,and the backgroundis frozen. The backgroundpointer is setto point to buffer #1, and read. Then backgroundpointeris setto point to buffer #2, and read. SeeFigureTBD.
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INITIALIZE
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3.4.1.2 BCRT Initialization

The BCRT descriptorspace,and the descriptorpointersare initialized. The
subaddressmessageandstatusspaceis initialized. The interrupt log list tail
pointeris initialized. The BCRT masteris reset. The registersare initialized, and
the BCRT is put in activemode. SeeFigureTBD.

3.4.1.3 RTEPThresholdMemory Initialization

This modulewill load the RTEPthresholdmemorywith the defaultvalues. After
a two secondwait, the RTEP is started,andthe RTEP interrupt is enabled. See
FigureTBD.

3.4.1.4 RTEP BackgroundInitialization

The RTEP backgroundmemoryif filled, and a time- interrupt enabled.The
backgroundsendmodeis set“ON” in the statusword.
SeeFigureTBD.

3.4.1.5 Focal PlaneArray Initialization

The default EPA temperaturesetpoint is written. Themer is set, and the timer
interrupt is enabled. The aperturedoor is commanded“OPEN”. The aperture
door statusis checked,and the appropriatebit (open,or error) is set in the
housekeepingstatusword. SeeFigureTBD.

3.4.1.6 HousekeepingBuffer #1 Initialization

Housekeepingbuffer #1 is pointed to, and the hoLsekeepingDAS board is
reset. The timer is set for 40 microseconds,and the timer interrupt enabled.
The first time flag bit is checked. If true, a housekeepingword is read,andthe
word count is zero. If false, the word count is incremented.This is repeated
until the word count equals16. Then, the housekeepingDAS buffer #1 empty
flag equalsfalse, and a housekeepingpacketis reacjto be sent. SeeFigure
TBD.

3.4.2 PacketCommunication

3.4.2.1 CCSDSFormat

Flight softwarefollows the CCSDS Formatspecified the LIS lCD (Reference
TBD). The detailsfor the [IS packetsis given in FigureTBD.
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3.4.2.2 FDS CommunicationProtocol

All datatransferredshall be transmittedas CCSDSteemetrypackets,as given
in section2.2.2, “PacketCommunications”in the TRMM Flight Data System
document. In addition, the CCSDSpacketis distributedacrossthe 32 word
1773 subaddresses.The FDS readsa LIS subaddressto determineif the data
counterhasbeenincremented.If so, the FDStransfersthe 1773subaddresses,
thencommandsa subaddresreadto signal confirmationof the transfer. This
signalsthe microprocessorthat the transferhastackenplaceandthat a new
packetcanbe built in that memoryspace.

3.4.2.3 SciencePackets

The sciencedatapacketsconsistof RTEP and/orbackgrounddata collected.
This data is compressedto removesuperfloustime, line, and pixel address
information,andto correctfor the addressingoffsetsintroducedby the RTEP
pipelinestructureandthe scanpatternof the CCD readoutelectronics.

3.4.2.4 HousekeepingPackets

A Housekeepinginstrumentpacketconsistsof 16 housekeepingwordscollect
ed from the housekeepingDAS, plus statusword(s). Statuswords show error
status,commandverification, andothermiscellaneousstatus. (Seefigure TBD).

3.4.2.5 PacketFormationOperation

Flight softwaremaintainspointersto two locationsfor sciencepackets,and two
locationsfor housekeepingpackets. A completeddatapacketis storedin one
location, which is readyfor transmissionto the TRMM FDS. The secondloca
tion containsa newpacketin formation.

After the transmissionof a datapacketis confirmed, flight softwareswapsthe
pointer, anda new packetis formed in the location of the packetthat hasbeen
confirmed.

3.4.2.6 Time DataFormatandOperation

Coarsetime datais transmittedby the FDS over the 1773 bus. The format is
describedin the FDS Appendix (ReferenceTBD), section2.2.6. Softwaremain
tainspointersto two locations. One pointsto the currentcaorsetime, the other
to the locationof new coarsetime. The time-markinterrupt is the signalto swap
thesepointers,updatingthe coarsetime.

3.4.3 InterruptandExceptionRoutines

Exceptionsand interruptsare usedto governthe interactionof the microproc
essorwith the other LIS subsystems.Whenthe microprocessoris interrupted,
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further interruptsaredisabled,and the FIFO count is read. When an exception
is being processed,the microprocessormay still be interrupted,and will return
to the exceptionfollowing processingof the interrupt.

3.4.3.1 RTEP Interrupt

The RTEPstatusis readin. The main loop counteris initialized. The valueof bit
14 is checked. If B14=1, the RTEP statusbits arestored,the FIFO count is
stored,andthe upper4 bits arezeroed. The main loop countersarestoredwith
the FIFO count.

3.4.3.2 TimeMark Interrupt

The time mark is sentto the microprocessorvia RS-422. The time mark pulseis
sentoncea second. Oncereceived,the microprocessor’sfine time is updated
(automaticallyby the hardware)and the microprocessorswapsthe coarse-time
pointers.

3.4.3.3 BCRT Interrupt

When a valid instrumentcommandis received,(as designatedby the BCRT
recognizingthe appropriateRT and subaddressaddressingof the 1773
commandword), the microprocessoris interruptedby the BCRT to implement
the command. The microprocessorreadsthe commandfrom the memory
space,whereit hasbeenstoredby the BCRT.

3.4.3.4 Filter TemperatureExceptionMonitoring

The microprocessorsoftwarewill monitor the temperature(via the analog
housekeepingDAS) to determinewheterthe filter temperatureis being main
tainedwithin the nominal operatingrange. If not, the softwarewill resetboth
heatercontrollers,and activatethe one that was not functioning when the
exceptionwasgenerated.

3.4.4BackgroundOperations

3.4.4.1 BackgroundMemory Read

The commandis sentto capturethe background(GETBMN). Thereis a 6 milli
secondwait, andthe the backgroundmemoryis readon I/O port RDBMN. This
is repeateduntil 127 lines of backgroundmemoryhavebeenread.

3.4.4.2 PacketizeBackground

The backgroundis loadedinto a packet. The backgroundpacketstorageline
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count is initialized (BGPCNT=O). The backgroundc.atastore is read,and the
packetstorageaddress,and the buffer addressare rcremented.Thesesteps
arerepeateduntil the backgroundpacket= 128.

After 128 backgroundpacketsarestored,the backgrwndpacketlines storedis
checked. If BGPLS=O,the one line is stored,andthereturnto the main loop.

3.5 InterfaceDescription

3.5.1 HardwareInterfaces

The only interfaceexternalto the LIS instrumentis fre LIS to TRMM interface.
This entailssoftwareinterfacesthat can receivecomrandsacrossthe MIL STD
1773bus. LIS actsasa 1773remoteterminal in this sstem.Thereis alsoa Rs
422 reciever,usedto receivethetime-mark.

Within LIS, the controller interfacesto the RTEP, the EPA, and the DAS, aswell
asthe memoryspacesharedwith the BCRT for 1773nterface.

3.5.2SoftwareInterfaces

The BCRT and the microprocessorsharememorysace. This forms a type of
softwareinterface,sinceboth can act on the datawout knowledgeof the he
other. In addition, when the BCRT is addressingthe memory, the
microprocessoris placedin a hold state,and can no: addressexternalmemory
or peripherals. The microprocessoralters the point-s that the BCRT usesto
locatethe various 1773 subaddresses.This is expainedmore fully in figure
TBD.
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READ WORD
COUNT

I/O PORT
PINTNM

DMA XXXXh

JO PORT
‘RDFCTN’

HIbH INIEHHUHI

RTEPOO EFS

DELISA WILKERSON

READ STATUS
BITS

D15=1 015=1
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INTOI—R
WRITE/READ THRESHOLD

AND READ EVENT DATA

ASSIGN
VARIABLES

ASSIGN
SYMBOLIC PDET

NAMES

INITIALIZE
INTERRUPTS

‘/5





INTOI-RI
INIT ROUTINE 2/5





INTOI-R2
WDATA SU8RDUT2{

4 190h

419O

419Eh

4AOh

OFh, br. 12b. 3h,
14h, 15!. OFh, bOh.
lbh, l2&. 14h. 15h,
I 6h

41 AOfl

4IAOn4:-

4180h

41BOt-Li

4I9Fh

3/Z





]NTO-ft3
ATN LOOP ROUIINE

AR I
AA2

BEGIN AP55OO

ti/s





INTO 1-R5
ADDRESS CORRECTION

ROUTINE

CORRECT

ZERO BI 15
SHIFT BI 14
TO CARRY BIT

AED I TO
ADDRESS

SUBTRACT 4
FROM ADDRESS

FORMAT
ADDRESS

RETURN
TO MAIN

LOOP

5/S
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PACKOO
DELISA IILKERSON
JANU&RY 14, 1992

1
COUNT = 0

/ BCRT
I INTERRUPT/DATA

/ PACKET

(SYSTEM RESET

1
LOAD DATA

LIST POINTERS
1—16 WITH

OMAP 1-DMAPI6

1

LOAD DATA
LIST POINTERS

1-16 WITH
OMAP I 7-DMAP23

(YES:No
LOAD DATA

POINTERS 1-16
WITH

DMAPI-IJMAI6

COUNT = COUNT
+1

I

1

COUNT = COUNT
—1





I I Jc_)L_I\LLJ IINU I hUI\L. I ULLLU I IUIN

PACKOI
flELISA WILKERSON

LOAD DATA
LIST POINTER

16 WITH
OMAP24

HCOUNT = 0

BCRT
INTERRUPT/HK

PACKET

LOAD DATA
LIST POINTER

17 WITH
OMAP25

HCOUNT =

HCOUNT + I

LOAD DATA
LIST POINTER

17 WITH
DMAP24

HCOUNT
HCOUNT - I





c
—

/;

ACC
ARO
AR3
AR6

044A 43OOr-
3OFh





L_fl_,I I • .iI LI Ifl I .LLJI

(All Gperatftnsdone by
BCRT)

BCRTOI
DELISA NILKERSON
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RESET AND
INITIALIZE SYSTEM

FOR DETAILS SEE

(LIS_SW72.EFS)

INITIALIZE
HOUSEKEEPING BUFFER

#1

FOR DETAILS SEE

(LIS_SW6EFS)

INITIALIZE 1773
REMOTE TERMINAL

(BCRT)

FOR DETAILS SEE

(LISS11EFS)

INITIALIZE RTEP
BACKGROUND

FOR DETAILS SEE

(LIS_S(9 EFS)

INITIALIZE FOCAL
PLANE ARRAY

FOR DETAILS SEE

(LISSW1O.EFS)

INILALIZE PACKET
BUFFERS

FOR DETAILS SEE

(LISSW.EFS)

INITIALIZE RTEP

FOR DETAILS SEE

(LISSW7 .EFS)

LIS_SViI .EFS

JON R REHAGE





BUILD THE FOLLOWING TABLE
FOR EACH FRAME:

Y.
IEC)= EVENT COUNT
\ COURSE TIME TAG (2 WORDS)
I FINE TIME TAG (2 WORDS)
/ LINE ADDRESS

PIXEL ADDRESS

) EVENT VALUE

LINE ADDRESS
PIXEL ADDRESS

\EVENT VALUE

COMMAND BACKGROUND
MEMORY #3 TO FILL

SET TIMER FOR
6-MSEC

USING Dz COLLECTED BY
THE RTEF :TERRUPT
ROUTINE

-4

-I

C

¶INTAIN TWO PACKET
FFERS SO THAT ONE CAN
EE FILLING WHILE THE
HEA IS BEING
ANSM1TTED TO THE
E?RCECRAFT.

LIS_SW2.EFS

JON R. REHAGE

PAGE 2 of





NOTE-I:

THE TWO [S-BITS OF
THE PACKET SEQUENCE
CONTROL--DEFINES THE
FOUR HOUSEKEEPING
WORDS IN THE PACKET-
OOlst FOUR,
O12nd FOUR, ETC.

LPE OF BACKGROUND
DATA (128 WORDS)

NO

BACKGROUND LINE
ADORESS

PW[ = PWL + 129

LISSW3.EFS

JDN R. REHAGE

PAGE 3 of





LIS_SW4.EFS

JON R. REHAGE

6-14-91

THIS ROUTINE ELIMINATES
ANY REDUNDANT TiME AND
EVENT INFORMATION FROM
THE PACKET.

FRflM&SYNC = FFFF
CQiRSE TIME TAG

FINE TIME TAG

PLW = PL+5

FRAME SYNC = FFFC
FINE TIME TAG

PLW = PLW.3





THIS INTERRUPT WILL OCCUR
FOR EACH FRAME THAT HAS
EVENTS AND ON EVERY 512TH
FRAME TO OEFJNE A PACKET
TIME. THE 512TH FRAME
MIGHT ALSO HAVE EVENTS.
THE CODE WORD WILL DEFINE
THE SITUATION.

BUILD THE FDLOWING TABLE
FOR EVENTS rAT OCCUR IN
A PACKET TIME:

•FITP
CEITF
COURSE TIME 2 WORDS)
(..FrNE TIME (2 WORDS)

I TF
COURSE TIME
FINE TIME

INPUT:

FITPT =

(FRAMES
PACKET

FITPT+I

IN THIS
TIME)

SAVE:

COSE TIME
FINE TIME

SET:

EVENTS IN FIFO FLR3
= TRUE

T ——I

V

LIS_SW5.EFS

JON R. REH

PAGE 5 of





POINT TO BUFFER 01

RESET HK DAS BOARD

FIRST TIME
FLAG(FTF )TRUE

SET
- DAS BUFFER #1
ETY FLAG=FALSE

:—KDBIEF=FALSE)

READ HK DAS

WORD COUNT(WC)=O
FTF=FALSE

(DUMMY READ)

..ZS’srS.EFS

_C R. REHAGE

;3E t





LOAD RTEP THRESHOLD
MEMORY

FOR DETAILS SEE

(PAGE ‘)

GENERAL INFO:

THIS WILL LOAD THE
RTEP THRESHOLD
MEMORY WITH THE
DEFAULT VALUES1

WHICH CAN LATER BE
UPDATED BY GROUND

COMMAND

R. REHfl3E

I of





GENERAL INFO:

A PACKED THRESHOLD
WORD CONTAINS AN TO
(0-7) AND TWO 5-BIT

THRESHOLD VALUES

SEE THRESHOLD WORD
FORNAT

E_EW8.EFS

REHRGE

2 or





ENERAL INFO:

32-WORD PACKET
MESSAGES

(PMs )/PACKET

PMs/BG IMRGE

NOTE:

TCH PACKET WITH BG
WILL IDENTIFY

-E NUMBER (0-Sil)
:: THE FIRST 86 PM

IN THE PACKET

r

NOTE:

THE BACKGROUND
BUFFER IS NOW

:.ITIALIZED WiTH 32
PMs

WITH IDs (0-31)

NOTE:

3RCKGROUND WILL
BE SEND AS
i232-WORD

EEDJENTIRL PACKET
EES;Z1BES AS PACKET

CJDM PERMITS

_:E_Ew9.EFS

. REHAGE

Z3E I of





L:sw1o.LFs

..C’ R. REHAGE

Fc. I of





WRITE (TBD h)
TO SCRT REG-6

REG-6 IS THE
.ERRUPT LOG LIST
NTER REGISTER

1-0H POINTS TO THE
:RRuPT LOG LIST

SORT EG-O IS THE
NTc1L REGISTER

REE
-

(SORT-Il)

ER Pg (BCRT-33)

T REG-? IS THE
HIGH-PRIORITY

:TERRuPT ENABLE
REGISTER

E.DR EG-2 IS THE
RT CESCR1PTORSPACE

ADCREES REGISTER

EEER Pg
cE:.T-I2,2I)

::fl Pg (BCRT-13)
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4.0 EGSESoftware

Electrical Ground SupportEquipment(EGSE) softv’are will be developedto
provide test tools, and portablecheckoutequipmentfor the Lightning Imaging
Sensor(LIS).

EGSEsoftwarewill executeon both the primary andsecondaryEGSEtarget
systems.Theseplatformswill provide userinterfaceto the EGSEequipment
which is providedto commandthe LIS instrument,and captureand storeLIS
data.

4.1 Development

EGSEsoftwarewill be developedin the C+ + programminglanguage,with limit
ed useof assemblycodeif requiredeitherfor speedof execution,or accessto
a function not availableto the higherorderlanguage.Presently,no requirement
for the useassemblylanguagehasbeenidentified.

Commercialoff the shelf (COTS) or reusablesoftwarewill not be constrainedto
developmentin C + + or assemblylanguage. Sourcecodewill not be provided
for COTS or reusablesoftware,providedthe executabiecodecan be executed
andcontrolledfrom within the main EGSEprogram.

The primary facility for developmentof EGSEsoftwarewill be the [IS data
systemsdevelopmentlaboratory, locatedin EB33. Tnis laboratorywill contain
the targetEGSEcomputersystems,aswell asthe prhciple developmenttools,
andthe LIS breadboards.

In addition, the office computersof the developerscan be utilized for code
developmentand unit testing, providedthey are IBM compatibles,operatinga
versionof Turbo C that supportsthe languageand complexity requiredfor the
code. Thesesystemswill be upwardlycompatiblewith the targetenvironment.

EGSEsoftwarewill be designedand (with the exceptonof any COTS or reus
able software) codedby the datasystemengineersdesigningand developing
the EGSE hardware. Organizationally,the developersare locatedwithin the
CommunicationsSystemsBranch, in the Computersand CommunicationDivi
sion, of the Informationand ElectronicSystemsLaboratory.

4.1.1 ComputerSoftwareConfigurationItems (CSCIs)

ComputerSoftwareConfigurationsItems (CSCIs) are units of management
usedto facilitate schedulingand configurationcontroof softwareunderdeve[
opment. EachCSCI will be documentedin a Unit DevelopmentFolder (UDF), as
detailedin Reference2. EachCSCI will be assigneda separate,equivalent,
numberin theWBS.

Broadly defined)eachEGSECSCI performsa collection of relatedtasks. Each
CSCI is composedof oneor moremodules.
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EachCSCI will satisfy one or more requirements.The collection of all EGSE
CSCIswill satisfy all EGSErequirements.The section(s)of the requirements
document(Reference1) aregiven belowfor crossreference.

4.1.1.1 Main OperationLoop

This CSCI will providethe following routines:

initialization
userinput
self-test

The requirementsgoverningthis CSCI are:

SWRD-4.1
SWRD-4.3.3

4.1.1.2EGSESpacecraftSimulatorInterlaceDrivers

This CSCI will providehardwaredriversto operatethe following boardsinterfac
ing, eitherdirectly to the ISA expansionbus, or via an intermediatecommunica
tion board:

1) MiI-Std-1553communicationcard
2) time-markinterface
3) passiveanaloginterlace
4) powerdistributor
5) ethernetinterfaceto SGSE/TRMMsimulator
6) #TBD serial interfaceto calibrationfacility

Note that items 1 - 4 will neverbe usedin conjunctionwith item 5.

The requirementsgoverningthis CSCI are:

SWRD-4.2.1.1
SWRD-4.2.1.2
SWRD-4.2.1.3
SWRD-4.2.1.4
SWRD-4.2.2/4.2.4
SWRD-4.2.3

4.1.1.31773Communication

This CSCI will providethe ability to implement:

1) the protocol of MIL-STD-1773 (the portionsnot implementeddirectly by
the hardware)including transmissionof modecommands;

2) the handshakingimplementedby the TRMM FDS for commandand
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datatransfersover the 1773fiber optic bus;

3) time codeupdatesprovidedby the TRMM FDS, formattedasCCSDS
packetsandtransmittedover the 1773fiber optic bus;

4) formation of commands,and validity checksof LIS data, in compliance
with theCCSDSpackettelemetrystandards;

5) transmissionof all valid LIS instrumentcommands,aswell asnon-LIS
andinvalid commands;and

Note that items 1-3 are requirementslevied againstEGSE softwareonly when
utilizing the MSFC TRMM interfacesimulator. Items 4 and 5 are requiredfor all
hardwareconfigurations.

The requirementsgoverningthis CSCI are:

SWRD-4.4.3.1
SWRD-4.5.1
SWRD-4.4.3

4.1.1.4DiscreteTelemetryProtocol

This CSCI will provide the ability to simulatethoseporonsof the FDS software
that control hardwareinterfacesto the LIS instrument. This consistsof the
passiveanalog interfaceto the LIS thermistors,the redundanttime-mark inter
face,andsequencingof the powerdistribution relays.

The protocolof the discretetelemetrywill simulatethe activity of the FDS and
provide the ability to testthe LIS responseto variousconfigurationsof the
power bussesand time-marks,as well as the ability t diagnosethe tempera
ture at the locationsof the thermistorswithin the LIS instrument. Thermistor
datawill beconvertedto temperaturedatafor display.

The requirementsgoverningthis CSCI are:

SWRD-4.3.2

4.1.1.5DataFormat,Storage,And Display

This CSCI will be developedto manipulateLIS and EGSEdatafor communica
tion,storageand display purposes.CompressedUS datawill be decom
pressedto reconstructscienceand engineeringdatafor storageand display.
Engineeringdatawill be convertedto physicalunits (tenperature,etc.)

Datareceivedfrom or sentto the GSFCTRMM simulatDr, or the Calibrationfacil
ity will beappropriatelyformatted.
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The requirementsgoverningthis CSCI are:

SWRD-4.6
SWRD-4.7

4.1.1.6Calibration/TestAnalysisSoftware

This CSCI providesthe ability to exchangedatawith othergroundsystems(the
TRMM simulator, the calibration facility, and the SGSE. In addition, this CSCI
providesthe ability to manipulatethe datathat is exchanged,checkfor validity
of format, andperformvariousotheranalysisfunctionsuponthedata.

The requirementsgoverningthis CSCI are:

SWRD-4.4.3

4.1.1.7EngineeringandAnalysisSoftware

Engineeringandanalysissoftwareis written primarily asa methodof supporting
the hardwaredevelopment. In general,E&A softwarewill be codesimilar in
function to the final EGSEcode,but written informally on as-neededbasis.

When formal coding begins,E&A softwarethat hasbeenutilized will prove a
valuablereference,andwill be a referencefor a successfulcodingprogram.

The requirementsgoverningthis CSCI are:

SWRD-4.1.4.7

4.1.3DevelopmentTools

The principle developmenttool for EGSEsoftwarewill ethe Borland ‘Turbo C”
and “Turbo 0+ +“ softwaredevelopmentpackages.The Turbo 0+ + package
supportsboth C and 0+ + programming. C+ + is the object orientedversion of
the C language,and all codedevelopedwith the Turbo C packagewill be
compatiblewith theTurboC+ + compiler/assemble.

Final executablecodewill be createdusingthe packageTurbo 0+ + Version3.0,
operatingon thetargetEGSEcomputer.

The Borland packagesprovide a text editor for codecreation,on-line compiler
andlinker, andtraceandbreakpointtools for codedebugging.

4.1.4ExecutableCodeCreation
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4.1.4.1 RequiredHardware

The hardwarerequiredto createthe executableEGSEsoftwareconsistsof the
following:

1) targetEGSEcomputersystem
2) floppy disk(s) containingEGSEsourcecode

4.1.4.2RequiredSoftware

The following softwareis requiredto createthe executableEGSEsoftware:

1) SourceCode
2) Turbo C+ + Version3.0
3) ProjectFile ‘GSE.PRJ’
4) MS-DOSVersion5.0
5) The utility program‘CPYGSE.BAT’

The project file is a Turbo 0+ + conventionthat links togetherdifferent files of
code,for creationof a single executablefile. The file gse.prj is createdin Turbo
0+ +, (seeReference#TBD for the procedure)and lists all ‘*.c’ modulesre
quiredfor the EGSEsoftware.

The utility program ‘CPYGSE.BAT’ will copy the EGSE sourcefiles from the
floppy disk to the directoriesrequiredby Turbo C+ to compile and link the
EGSEcode.

4.1.4.3Procedure

ExecutableEGSECodeis createdby implementingthe following steps. Please
note that the MS-DOS operationssystemis not casesensitive. All commands
areterminatedby pressingthe ‘Enter’ key.

1) Poweron the target computerhardware.

2) If the systemdoesnot powerup in the DOS directory

E:\LIS\EGSESW

executethe commands:

e:
cd \
cd \lis\egsesw

3) Placethe 5.25” floppy disk containingsourcecodein drive A and close
the drive door. Copythe files from drive a to the appropriatesubdirecto
ries by executingthecommand:

cpgse
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4) Removethe disk fron drive A.

5) Repeatsteps3 and 4 until all files containingsourcecodeare copied
from floppy disk to thetargetsystem.

6) Enter the Turbo C compiler/linker envirc9mentby executingthe
command:

tc

7) Load the EGSEprojectfile by executingthe foTowing steps:

<ALT> P

Backspaceover the text I*.prjhl andtype “GSE.prj’ followed by <Enter>.

<ALT>C
B

8) The Turbo C compiler/linkerprovidesvariosoptionsfor executable
codecreation. The following optionsshouldbe sected:

80486target: SeeTable4-#TBD
80386target: SeeTable4-#TBC2

9) If step 7 producesany error messages,crea:onof the executablefile
hasfailed. If the errorsare listed ascodeerrors.refer to the codedebug
ging section. If the error representserrors in the Turbo C+ + environment,
refer to the usersmanual(Reference##).

10) When the codehasbeensuccessfullycreated,as indicatedby the
statusmessagesreturnedby the Turbo C pacage, pressthe following
sequenceof keysto exit:

<ESC>
<ALT>X

11) The executableEGSEsoftwarenow existsin rie directory

E:\LIS\EGSESW

as the file “GSE.EXE”. The softwaremay be executedby enteringthe
following commandfrom the DOS prompt:

gse
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4.1.5Module FormationAnd Structure

A specifichierarchyis requiredfor the formation of arid integrationof the EGSE
softwaremodules. This hierarchyis shownif figure 4-TBD.

The largestunit of EGSE structureis definedas the ‘program.’ Each target
systemwill havea programthat hasbeencompiledespeciallyfor that system.
The EGSE programis composedof all EGSE modules,linked togetherby the
‘project file.’ The projectfile is a Turbo C designationfor a file usedto showthe
structureof a program. All modulesrequiredto compile and link the program
arelisted in the projectfile.

A ‘module’ of EGSEcodeis definedasall coderesidentwithin oneMS-DOSfile.
Moduleswill be composedof one or more functions,and a collection of defini
tions of constantsand global variabledeclarations.Modules in the Turbo C
structurefall into two categories“.C” and ‘*.H wherethe ‘‘ indicatesany
valid MS-DOS filename. “.C” modulesare composedof functions,and global
variableallocations. I*.HhI modulesare composedof symbol definitions. Al
though other filenamescan be usedfor modules,and incorporatedinto the
overall design,only and fl*.H’ delimiterswill be utilized for EGSEimple
mentation.

A ‘function’ of EGSE code is defined as any validly formed C+ + function, as
definedby the standardsgoverningthe C+ + programminglanguage,and the
implementationssupportedby theTurbo C+ + develcpmentpackage.

Eachmoduleof codewill be labeledwith the following identificationheader:

1*

Module Name: ‘nameof module’

Module Path: ‘destinationfor compilation’

CSCI: ‘CSCI(s) addressedby mcdule’

Version Number: ‘version of module,referencedto UDF’

RevisionDate: ‘dateof currentrevision, asrecordedin UDF’

Programmer(s): ‘nameof principle programmer,
name(s)of all programmersinvolved’

Module Contents: ‘descriptionof moduleconents’

*1

The I/* and*/1 symbolsdelineatecomments.
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4.2 HardwareCapabilities

Two targetsystemsare a part of the electricalgroundsupportequipment: the
portable, deliverableE(3SE usedfor qualification, post-ship,and post-integra
tion test; and thedevelopmenttest-setusedwithin the CommunicationsSys
temsBranch.

TargetSystem#1:

Target#1, the deliverableEGSE, is an Intel 80486-33MHzcomputerwith an ISA
busstructure,an IBM-AT compatibleBIOS, and the MS-DOS 5.0 operating
system. The interfacecharacteristicsof this hardwarearegiven in Reference
#TBD.

The Intel 80486is a 32-bit microprocessorwhich includesan internal floating-
point mathematicsco-processor,memorycaching,and anextendedinstruction
setthat is downwardlycompatiblewith the 80386instructionset.

This systemis providedwith 8 Megabytesof RAM memory. Total hard disk
storagecapacityis TBD(230) Megabytes.

TargetSystem.1t2

Target#1, the EGSEtest-set,is an Intel 80386-25MHzcomputerwith an external
80387floating-point mathematicsco-processoron the systemboard,an ISA
bus structure,an IBM-AT compatibleBIOS, and the MS-DOS 5.0 operating
system. The interfacecharacteristicsof this hardwarearegiven in Reference
#TBD.

The Intel 80386 is a 32-bit microprocessor.The 80386 instructionset that is
upwardlycompatiblewith the 80486instructionset.

This systemis providedwith 4 Megabytesof RAM memory. Total hard disk
storagecapacityis (110) Megabytes.

4.2.1 MicroprocessorArchitecture

Becauseof the useof a both an operatingsystemanda higher-orderlanguage,
the architectureof the microprocessordoesnot directly influencecodecreation.
However, the compiler and linker will be set to optimize for the processorand
resourcesusedby the targetsystem.
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4.2.2SystemControl

Control of the hardwareis accomplishedin four ways: systemreset,power
interruption,DMA, andinterrupts.

The EGSEsystemcan be resettwo ways: softwareresetor hardwarereset.
The software reset is generated by MS-DOS by pressing the
<CTRL> <ALT> <DELETE> keystrokes. This patterngeneratesan interrupt that
MS-DOS usedto perform a soft reset(SeeReference#TBD). Although it is
possibleto disable,or alter this action, EGSEwill not do so. A hardwareresetis
generatedby pressingthe resetbutton, locatedon the from of the EGSEcom
putercase. This is a hard reset,and performsthe sameoperationsas cycling
power.

Power interruptionof very short duration may interrupt normal programexecu
tion, without performinga power-onresetof the microp-ocessorand operating
system. Power interruptionsshould be of at leastTBD secondsduration in
orderto properly resetthe system. Interruptionof powercan be usedasa last
resortto stopprogramexecution. All data storedto disk will be saved,whereas
all datanot storedto disk will be lost.

DMA (direct memory access)is a methodof reading/writing data directly to
memory,without microprocessorintervention. During a peripheralDMA trans
fer, the microprocessoris placedin a hold state,and is unableto accessthe
memoryspace. However, the processcan continueto perform actionson
internalmemoryspace. Interfacesto the ISA buscan perform DMA usingthe
systemsDMA controller. The commercial1553 card wi utilize DMA to transfer
datain andout of memory.

4.2.3 Input/OutputCapability

Input/outputis providedvia two means: the humancperatorof the EGSE,or
the interfacesEGSEhardware.

Human input is provided via the keyboard. This takesthe form of selecting
optionsfrom the menusprovidedby the software,or typng in the value of data,
options,or the namesof files containingdataand/oropons.

Outputfor the humanoperatoris accomplishedusingthe video displaycapabili
ty andthe printer.

Hardware-orientedinput obtainsdatafrom the interfacehardwareto the EGSE,
or readsthe datafrom hard disk or floppy disk storage.All datais accessedby
the EGSEsoftwarepolling the datafrom the device. Tne only EGSE interrupt,
thetime updateinterrupt (section#TBD) doesnot producedata.

Hardware-orientedoutputconsistsprimarily of storingdatato hard or floppy
disk. It is alsopossibleto back-updisk datato thetapedrive.
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4.2.4OperatingCharacteristics

The EGSE systemsconform to the characteristicsc IBM-AT compatiblecom
puters. The backplanestructureis the Industry StardardArchitecture (ISA), a
16-bit databus.

4.2.5 Interrupts

The ISA bus structureprovides 13 separateinterru;tsfor peripheralsto use
when in needof attention. The EGSE hardwarewill be configuredto produce
only one interrupt in needof servicefrom the EGSEsoftware. (Any other inter
ruptswill eitherbe handledby the operatingsystem,or by the COTS drivers
suppliedwith the commercialhardwaregeneratingt[e interrupt.) The configu
ration of the EGSE hardwarewill be suchthat the interrupt producedwill be
uniqueto the generatinghardware, i.e. only the fl-ne-updatehardwarecan
producethe interrupton thatbuschannel.

4.3 SoftwareFunctionalCharacteristics

4.3.1 ProgramControl

Programcontrol is accomplishedby four methods:user inputs, timed loops,
interrupts,and polling for data. User inputswill be ;uided by the menusdis
playedon the screen. An interrupt will be generatecby the discretetelemetry
boardto initiate a broadcastof time data. Timed locos will perform operations
in predefinedsequences.

The availability of datawill be usedprimarily wher interfacingto the GSCF
groundsystems. In theseconfigurations,the GSCground equipmentis
responsiblefor receiving datafrom the LIS and provding that data, asynchro
nously, to the EGSE. For this operation,the EGSEw poll for the availability of
data,andthenprocessthe datawhen it is available.

At any stepwherethe EGSEsoftwareacceptsinput, te keystroke<CTRL>C will
exit the program,andreturnto theoperatingsystem.

4.3.2 ProgramInput/OutputCapability

The EGSEsoftwarewill operatefrom within an MS-DOS environment. The MS
DOS operatingsystemwill provide the majority of me low-level functions re
quired for interfacingto the ADP computerhardware. For example,routinesto
accessthe BIOS for keyboardinputs, test output, inrrupts, etc., are handled
by the operatingsystem,andcanbe accessedusingiie high-orderfunctionsof
TurboC+ +. (Reference#TBD)
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4.3.3OperationalModes

Therearefour operationalmodesfor the EGSEsoftware. Threeof thesemodes
aredriven by the physicalconfigurationof the EGSE.

One modeof operationusesthe MSFC TRMM simuator. In this configuration,
the EGSE softwareis responsiblefor implementing1ie FDS protocols,and the
otherinterfacecontrols.

The GSFCsimulator mode and the TRMM SGSEmDde both replacethe hard
ware of the MSFC TRMM interfacesimulator. Thesegroundsystemsare exter
nal to the EGSE, and provide the [IS datato the EGSE, and the EGSEcom
mandsto the LIS.

The analysismode runs independentlyby processirgpreviously collected LIS
data,or in a limited form, concurrentlywith eitherof re previoustwo configura
tions.

The diagnosticmode is a modefor running either lcw-level checksand test of
the EGSEitself, or performingvery simplistic functionson the LIS instrument.

4.3.4DatabaseDefinition

Definitions of all constants,for example,the LIS 773 remoteterminal (RT)
address,will be codedas C constantsin uppercase. For example,the LIS RT
addressis 20. Ratherthan using 20 in the code.which would not make it
obviousthat the numberwas intendedto representhe [IS RT address,EGSE
codewill usethe expression.

[IS RT ADDRESS

Definition of this constantconsistsof the following st:ement,within a ‘*.h’ file:

#define LISRTADDRESS 20

In addition, othervalues,suchas indicationsof ‘end of file’ or ‘error’ can be
usedasalphanumericconstants,anddefined in the appropriatelyincluded‘*.h’
file.

Thecompletedefinition is given is section4.6.TBD.

4.3.5Memory Allocation And Variable Declaration

The Turbo C+ + packageautomaticallyassignsmemory locationsfor variable
and data. In addition, memorycan be reservedby using commands,allowing
fasterdatahandling. Wherespeedof executionis important, the EGSEsoft
warewill manipulatememoryallocation. As a default, the compiler will be
allowedto handlethis function automatically.
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One memory allocation is presentlyplanned. Memory spacewill be assigned
for the 1553cardto usefor performing DMA transfers.

Thereare two type of variabledeclarations: local andglobal. The value of one
local variablecan be passedto anotherlocal variable in anotherfunction.
Global variablearecommonto all functions.

A local declarationis only valid within a function. Declarationof the samevaria
ble in two or more different functions is legal, and eachvariablecan hold differ
ent information and/ordifferent typesof information. For example,the variable
‘I’ canbe declaredan integerin onefunction, anda characterin another.

A global variableis declaredoutsideof all functions. me type andvalue of the
variable is commonto all functionswithin the program. It is not legal to declare
the samevariableas both local and global. Global variablesthat are used
within only one modulewill be declaredwithin the ‘.c’ moduleusing that varia
ble. Global variablesthat are usedby more than one modulewill be declared
within ‘*.h’ modulesthat are includedby the calling modules. The global decla
ration will be includedby the following statement:

extern <variabletype> <variablename> /* location*/

where ‘location’ is the nameof the modulewherethe global variable is de
clared.

The completelist of global variableis given in section4.6.TBD.

4.3.6StorageAllocation

The full availablecapacityof the hard disk andthe tapedrive can be usedby
EGSEsoftwarefor storageof datacollected. The following file namesand
descriptionswill be used:

‘L1S1773.DAT’ will contain unprocesseddatafrom the LIS 1773 inter
faceS

‘PASSIVE.DAT’ will containunprocesseddatafrom the LIS thermistors
andthe statusof the powerdistribution relays;

‘EVENTS.DAT’ will containprocessedLIS lightning and background
data,where <RUN> is an idenifier to identify which exper
imental run producedthe data;

Datageneratedby differing runs will be labeledas ‘Ll-<NUMBER>.DAT’, ‘PA-
<NUMBER>.DAT’, and ‘EV- <NUMBER>.DAT’ where <NUMBER> is a unique
number/labelthatwill becrossreferencedfor cataloging.
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4.3.7 RestrictionsAnd Constraints

In orderto provide simulationof the TRMM FDS whe operationin the MSFC
TRMM interfacesimulatorconfiguration,the EGSEscf:warewill operatesubject
to the FDS timing constraintslisted in the FDS Appendix (Reference#TBD),
sections2.2.2,2.3.2,and2.4.

In additionto constructingall valid LIS commands,the EGSEsoftwarewill provi
sion, while operatingin the MSFC TRMM interfacesrnulatorconfigurationfor
generatingnon-LIS commandsandinvalid commands,to testthe LIS response.

4.4 DecompositionDescription

The EGSEsoftwarecanbe decomposedinto eight maorsections(seefigure 3-
#TBD): Main Loop, User Interface,Test Routines,lrerfaceSimulator Drivers,
BusTransferAnd Formats,CommandAnd LIS DataFormats,DiscreteTelemetry
Formats,and Display/StorageRoutines.

4.4.1 Main Loop

The main loop of the EGSEsoftwareis usedto provdeprogramcontrol. The
main loop itself operatesin on of two modes: timer den,or userinput driven.

In the userinput driven mode, individual actionsw De selectedby the user,
with the softwareproviding the correcttiming and sequencingto implementthe
activity. For example,the userselectedcommand“Ge: LIS sciencedata” would
implementthe multi-step processthat transfers16 1773 subaddressesof data
from the LIS instrument.

In the timer driven mode,the EGSEsoftwarewill impementLIS commandsand
otherinterfaceactivities in a predeterminedsequence,basedon elapsedtime.

4.4.2 Userinterface

The userinterfaceis not tied to any specificCSCI or requirement. However,the
useof an easy,effective interfaceis necessaryto accomplishthe overall goal of
the EGSE: implementationof an automatetesttool for LIS development.

Much of the userinterfacewill be distributedacross:he variousmodulesde
veloped. This will include menudisplays, input requests,and outputs. To the
extentpossible,all genericinput routineswill be coeotedinto a module titled
“INPUT.C” and all genericoutput moduleswill be coeotedinto a moduletitled
“OUTPUT.C”.
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4.4.3TestRoutines

Test routinesare predeterminedsequencesof routinesthat can be executed
automaticallyupon eithera specificuserinput, or an elapsedtimer. The rou
tines requiredto supporthardwaredevelopmentof both the EGSEor the LIS
datasystem(i.e. the Engineeringand Analysis CSCI) will be coHectedinto two
modules“DEVTEST.C” for the 1773 and microprocessordevelopmentroutines,
and“FPSIMTST.C” for the RTEPdevelopmentroutines.

Otherroutinesof specificsequenceswill be developedasdefined.

4.4.4 InterfaceSimulatorDrivers

To provideadequatesimulationfor testingthe LIS, the EGSEconsistsof a varie
ty of simulators,in severalconfigurations,that arecontrolledby the EGSE
software.

DiscreteTelemetrySimulator: This interfaceconsistsof two cards,with sepa
rateboardaddresses,pluggedinto the ISA expansicnbus of the EGSEcom
puter. As presentlyplanned,thesecardswill only be usedwith the MSFC
TRMM simulatorconfiguration.

This simulatorprovidesthe readoutof the 8 (reduncant)LIS thermistors,the
(redundant)time mark, and the commandand sta:sinterfaceto the power
distributionrelays.

In addition,this boardprovidesthe interruptthat the E’3SE will useasthe signal
to senda time packetupdate.

Mil-Std-1553: This board is a commercialprocurementfrom SCI. When com
bined with the 1553/1773converter,this will impIemetthe 1773 interface. The
board itself is pluggeddirectly into the ISA expansionbus. The boardwill per
form DMA transferswithin the computer,for datatransnittedandreceivedof the
1773bus.

It is plannedto useCOTS software,purchasedwith this board,to implement
both the protocol of 1773 and the DMA transfers. Tns procurementis sched
uled to be completedthis fiscal year.

Until this card is available,the EGSEwill utilize a 1553 card designedin-house,
with in-houseE&A softwareto supportthe protocol.

Ethernet: The interfaceto the GSFCTRMM InterfaceSimulatorand the TRMM
SGSEconsistsof a single thin-wire (lOBaseT) ethernet. A commercialcard,
with COTSsoftwaredriverswill be purchased.This procurementwill be initiated
in the nearfuture in order to assurecompatibility, anddefine any additional
requirementsrequiredto interfacethe COTS softwareto the developedEGSE
software.

CalibrationInterface:The calibrationinterfacehasnot yet beendefined.
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Focal Plane imulator: The focal planesimulator is usedto simulatecontrolled
electricaloutputsduplicatingthe LIS detectoroutputs. This interfaceconsistsof
two setsof memoriesfor holding 128x12812-big vaLes. The softwareloads
both setsof memorieswith valuesrepresentingCCD pixel values. One set of
memoriescontainspurely backgroundvalues. The secondset of memories
containsthe samebackgroundvalues,with the addftDnto selectedpixels, of
valuesrepresentinglightning. To simulatethe output, the EGSEoutputsthe
background-onlymemoriesuntil selectedto producea lightning event. At this
time, the output is switchedby the softwareto the secondmemoriesthat con
tain background-with-eventvalues. This set is output or onevideo frame, and
thenthe outputis switchedbackto the background-onjset.

4.4.5BusTransferProtocolsAnd Formats

Thereare4 different protocolsof communicationfor the EGSE.
The first is 1773communication. Much/mostof this p-otocol is providedby the
hardwareof the EGSE 1553 boards. Additional protocol will be implementedin
software.

TheTRMM flight datasystem(FDS) definesa specificotocolfor the exchange
of commandsand datawith the LIS instrument. Separateprotocolsgovern:
transferof [IS sciencedatafrom the LIS to the FDS; trensferof LIS housekeep
ing datafrom the [IS to the FDS; transferof commandsfrom the FDS to the LIS;
andbroadcastby the FDS of coarsetime to the [IS.

The GSFCgroundcomputersalsodefinea specificprc:ocol for the exchangeof
datawith the L1S EGSE(SeeReference#TBD). This fcmat consistsprimarily of
encapsulating[IS datafrom the GSFC equipmentas CCSDSformatteddata
units, and passingthat datato the LIS EGSE. Passingof [IS instrument
commands,andcontrol of the interfaces,is alsodefinecby this protocol.

4.4.6CommandAnd [IS DataFormats

In addition to he protocol for bustransfers,the FDS anc the [IS defineaddition
al formatsfor how that datawill be formatted. The FDS mandatesCCSDS
packets. This structureis appliedto both the scienceand housekeepingdata.
In addition, the LIS definesa compressionformat tc the sciencedata. The
EGSE softwarewill checkthesepacketformatsfor validity of formation, and
reversethe processto constructthe original data.

The instrumentcommandsare defined by [IS, within tne FDS constraints. The
EGSEwill producethis structure,in orderto properlycc’mmandthe LIS.

4.4.7 DiscreteTelemetryFormats

The discretetelemetryformat softwareexecutesthe neDessarytiming and data
sequencesto: readthe [IS thermistortemperaturecataas a digital voltage,
andconvertthat databackto temperature;control the Dower distribution of the
4 powerbussesto the LIS instrument.
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In the MSFC TRMM simulationmode,the EGSE sowarewill havecomplete
control of thesefunctions. With otherconfigurations,this control will be limited,
but the statuswill still be availableto the EGSE.

4.4.8Display/StorageRoutines

Therearethreewaysto handledatacollectedby the EGSE: displaythe dataas
engineeringdata; display the datagraphically, or stcxe the data. Engineering
display will include both the sciencedata, and the housekeepingand passive
data. This display will consistof numericaldisplay, adcan be directedeither
to the video screenor the printer. Graphicallydisplaywill consistof both the
housekeepingandpassivetelemetry(temperature,vcftage, etc.) andthe light-
fling imagedisplay. Datacan be stored(to disk and/ortape) either in the form
receivedby the EGSE, or in processedform that has the actualdata recon
structed.

Display of datawill be limited while in active simulation mode,but will also
supportmoreextensivedisplayof datathat hasprevicslybeenstoredto tape.

4.5 InterfaceDescription

4.5.1 HardwareInterfaces

The particularinterfacesto the EGSEcomputeraregovernedby the modeof
operationin which the EGSEis functioning. Thesein:erfaces,for eachconfigu
ration, areshowin figures#TBD, #TBD, and#TBD.

4.5.2SoftwareInterfaces

The developedEGSE softwarewill interfaceto two typesof software: the
softwarerunning in othergroundcomputersystems;and the COTS software
runningon the EGSEcomputer.

4.5.2.1 SoftwareRunningOtherGroundSystems

The EGSEsoftwarewill not interfacedirectly to the softwarerunning on other
groundsystems. Instead,the EGSE and other systemswill exchangedata
packets,transmittedby eitherethernetto the GSFCsystemsor by TBD interface
to the calibrationfacility.

Data providedto the calibrationfacility will not influencethe operationof the
calibrationfacility. The EGSEhasno commandability of the calibrationfacility,
nor doesthe calibrationfacility havecommandcapabtyoverthe EGSE.

The TRMM groundcomputershaveno commandcontrol over the EGSEsys
tems. The EGSEwill poll the input buffer from the ethernetinterface. When
available,datareceivedby the EGSEfrom the TRMM groundcomputerswill be
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processedand/orstored.

Data transmittedby the EGSE, to the TRMM groundcomputerswill control the
executionof someof the hardwarewithin the othersystem. It is, however,the
responsibilityof the TRMM computerto checkthe datafor validity, and screen
out any commandsthat would havea deleteriouseffect on itself. Data that the
TRMM groundcomputerforms into a commandfor the LIS instrumentwill be
underthe sameformation restrictionsasusedin the MSFC simulatorconfigura
tion. The SGSEwill screenthe commandsfor thosethat would havea deleteri
ouseffecton non-LIS instruments. Thesecommandswill be rejected.

4.5.2.2COTSSoftware

The EGSE softwarewill interfacewith COTS software. The EGSE will utilize
commerciallyavailable softwaredrivers for commerciallypurchasedhardware
interfacesor peripherals.This softwarefalls into threefour categories:

1) Drivers for commerciallyavailableportionsof the EGSEspacecraftsimulator:

the 1553cards

2) Drivers to input/outputor massstoragehardwareassociatedwith the EGSE:

the Exabytetapedrive

3) Data interfacesbetweenthe EGSEADP equipmentand othergroundsys
tems

the ethernetcard
TBD calibrationfacility interface

4) The operatingsystem,and otherbaselevel software,upon which the de
velopedEGSEsoftwareoperates.

For items 1-3, the developedEGSEprogramwill interfaceto this COTS software
by spawninga processto run the existing COTS routine, and then return to the
calling program. In item 4, the interfaceconsistsof the operatingcharacteristics
and restraintsimposeduponthe creatingof the deveropedsoftware(Reference
#TBD).
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4.6 DetailedDesign

DatabaseDefinition:

NOTE: ‘Ox’ denotesa hexadecimalnumber.

General Defines:

NULLSTRING —13
TRUE 1
NIL 0
ESC OxiB
FIFO EMPTY 0
FIFO_NOT EMPTY 1
BAD_STATUS -1
WRITE 0
READ 1
UNDEFINED -1
RELAY LATCH TIME 0 /* TBD *1
DISPLAY TIME 1000 /* Delay in milliseconds */

LIS Command Values:

LIS_ADDRESS 20
BACKGROUND SEND MODE ON Oxil 11
BACKGROUND SEND MODE OFF 0x2222
THRESHOLD_ADJUSTMENT 0x3333

FILTER TEMPERATURE SET POINT 0x4444
SELF_TEST 0x5555
APERTURE DOOR OPEN 0x6666
APERTURE DOOR CLOSED 0x7777
SAFE_MODE 0x8888
WATCHDOG_ENABLE 0x9999
WATCHDOG_DISABLE OxAAAA
HEATER_A ON OxBBBB
HEATER_B_ON OxCCCC

ENABLE_FILTER MONITOR OxDDDD
DISABLE_FILTER_MONITOR OxEEEE

Data Acquisition Board Defines:

Defines for counter 1 addresses:

cntrll_add 0x1703 /* byte */

lOlA 0x1702 /* lines 1—B, byte *1
IO1B 0x1701 /* lines 17—24, byte */

10_i C 0x1700 /* lines 33—36, nibble * /
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Defines for counter 2 addresses:

cntrl2_add 0x1707 1* byte *1
IO_2_A 0x1706 /* lines 9—16, byte */
IO_2_B 0x1705 /* lines 25—32, byte */
IO_2_C 0x1704 /* lines 37—40, nibble */

Statusregisteraddressdefines:

find_board 0x1310
term_panelstatus 0x1314
mt status 0x1318

I/O setup values for counters:

io_setup_A 0x23
io_setup_B Ox2B
io_setup_C 0x06

Special I/O controls for open drain/normal i/o:

special_ic_setup_A 0x24
special_iosetup B Ox2c
special_ic_setup_C 0x07
normal_output 0
open_drain_output Oxff

Data path polarity defines:

data_path_A_add 0x22
data_path_B_add Ox2A
data_path_C_add 0x5
non_inverting OxOO
inverting Oxff

Port mode specificationregisterdefines:

port_mode_spec_A_add 0x20
port_mode_spec_B_add 0x28
bidirectional OxCO

Z8536 registerdefines:

inaster_interrupt_contri_reg OxO

Z8536 control codes

reset 1
clear 0
master_configcntrlregOxOl

Port enabledefines:
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enable_all_chips 0x3
enableall_ports 0x94
enable_portA 0x4
enable_port_B 0x80
enable_portC OxlO

General defines for boards:

all_output OxO
all_input OxFF

Board Select defines:

FPSIM BOARD 0x04 /* FPSIM Board */

defines for counter resets:

timer_one_stat_reg 10
timer one stat val 0x6
timer_two_stat_reg 11
timer two stat val 0x6
tirner_one_mode_spec_reg 28
t imer_two_mode_spec_reg 29
timer_one_time_constant_msb_reg0x22
timer_one_tirne_constantlsb_reg0x23
timer one mode value 0x26
timer two mode value Oxe4
timer insb value Oxf
timer lsb value Oxff

Defines For The Focal Plane Simulator:

Address Defines

FPS MEMORY ADD OxO
FPS MEMORY EN ADD Ox 1
FPS_DAC_ADD 0x5
FPS CONTROL REG ADD 0x6
FPS COUNTER ADD 0x7
MAX_LINE NIJN 128
MAX PIXEL NUM 128

Control RegisterDefines

EN_INT_CLK OxOl /* Cl Active High */
EN_EXT_CLK 0x02 1* C2 Active High */
EN_COUNTER_PRESET 0x04 1* C3 Active High */
EN COUNTER CLR 0x08 1* C4 Active Low */
EN COUNTER RCO OxlO 1* C5 Active High */
EN_FRAME_2 0x20 1* C6 Active High */
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EN FRAME 1 0x40 /* C7 Active High */

EN_LINEFRANE_SYNC 0x80 /* C8 Active High */

RST_INTCLK OxFE 1* Cl Active High */

RST_EXTCLK OxFD 1* C2 Active High */

RST_COUNTER_PRESET OxFB 1* C3 Active High */
RST COUNTER CLR OxF7 /* C4 Active Low *1
RST_COUNTER_RCO OxEF /* C5 Active High */

RST_FRkME_2 OxDF 1* C6 Active High */

RST_FRAME_l OxBF /* C7 Active High *1
RSTLINE_FRANE_SYNC Ox7F /* C8 Active High */

FRAME_i 0
FPAME_2 1
MAX_PIXEL VAL OxFFF
MAX_NUN_PIXEL (128 * 128)
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Menu for Focal Plane Simulator Board

1) Load Stair—StepPattern.
2) Load Alternating Pattern.
3) Set Specific Voltage Level for CCD Output.
4) One Pixel Output.
5) Load Random Lightning Pattern.
6) Load Stored Random Lightning Pattern.
7) Load Double Stair-StepPatternsInto Two Memories.
8) Load Zero And Random PatternsInto Two Memories.
9) Load Specific Events Against A Random Background.





DiscreteTelemetryBoard

Board Address = XXXXXXXA2A1A0 (binary)

Where the X representsa DIP-Switch selectable,TBD value

Interrupt = < IRQ3,... , IRQ7>; DIP-switch selectable(TBD)

A2A1A0 = Address of a particular board function

Address

A2A1A0

Action AssociatedData Word

Read 8-Bits
Write 8-Bits
Write 1=ON; 0=OFF
Write 8-Bits
Read 8-Bits
Read 8-Bits
don’t care
don’t care

000
001
010
011
100
101
110
111

Relay Status
Relay Control
Time-Mark 0ff/On
Set Multiplexer
Lower A/D Value
Upper A/D Value
Interrupt Enable
Interrupt Disable
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LIS HOUSEKEEPINGDAS MEASUREMENT SYSTEM

The LIS HousekeepingDataAcquisition Systemmultiplexes16 input channelsandconvertsthe
input voftage,rangingfrom -5.0 to + 5.0 volts, to a 12-bit digital word (0 to 4095counts).The 6
input channelsareidentified asCHO to OH 15.

To compensatefor gain and offset drift CH14 and 0H15 are used to measurethe Analcg
Ground Reference(AGR = 0 volts) and a PrecisionReferenceVoltage (PRV 2.5 volts). The
two measurementsarethenusedduring the conversionto engineergunits to correctfor any
DAS cabrationchange.

To convertany channel(CHx) from countsbackto measuredvolts th following linear equation
is used.

MeasuredVolts (MV) A * CHx (counts) + B

The A ard B valuesaremadeadaptiveby usingthe following equatiosto computeA and B.

A (volts/count)= PRV / (OH 15 - CH14)

B(volts) =A*OH14

substitutingfor A;
B = PRV*CH14/(CH15OH14)

Now the MeasuredVolts equationbecomesby substitutingfor A and3;

MV= PRV*CHx/(OH15OH14)PRV*OH14/(CH15OH14)

collectingterms;
MV = PRV * (CHx - CH14) / (0H15 - CH14)

The PRV is designedto be 2.5 volts. A precisionmeasurementof PFV will be madeduring the
final testingof the electronicsassembly.

To convertfrom MV to EngineeringUnits (EU) requiresthe following frearequation:

EU = Ax * MV + Bx; where Ax and Bx vary as a function of the type measurement.The
following chartdefinesthe EU equationsfor eachmeasurement.
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LIS HOUSEKEEPINGDAS MEASUREMENT SYSTEM

The LIS HousekeepingDAS measurementlist:

CHANNEL MEASUREMENT NAME EngineeringUnit (EU)NUMBER ConversionEquations
0 Spare
1 Spare
2 Spare
3 Spare
4 Optics Filter Temperature EU (degrees-C) MV * 71.43 - 2735 Focal PlaneArray Temperature EU (degrees-C) MV * 71.43 - 2736 Controller BoardTemperature EU (degrees-C) MV * 71.43 - 2737 PowerConverterTemperature EU (degrees-C)= MV * 71.43 - 2738 PowerConverterInput Current EU (amps) = MV * 1.0
9 - 15.0Volt Analog Circuit Power EU (volts) = MV * 3.318
10 + 5.0 Volt Analog Circuit Power EU (volts) = MV * 3.318
11

- 5.2 Volt Analog Circuit Power EU (volts) = MV * 1.153
12 +5.2Volt Analog Circuit Power EU (volts) = MV * 1.153
13 +5.0Volt Digital Circuit Power EU (volts) MV * 1.110
14 Analog GroundReference(OH 14) Usedto maintainDAS calibration15 PrecisionReferenceVoltage (OH 15) Usedto maintainDAS calibration

DEFINITIONS:

PrecisionReferenceVoltage (PRy) = 2.5Volts
MeasuredVolts (MV) = (PRy) * (CHx - CH14) / (0H15 - CH14)
CHx = The 12 bit digital valueof the measuredchannelx (wherex = 0 to 13)CH14 = The 12 bit digital valueof the measuredAnalog GroundReferenceCH15 = The 12 bit digital valueof the measuredPrecisionReferenceVoltage

JonRichardRehage,EB33, 05/14/92,10:37AM (c:\winword\Iis\Iishskl.doc) Page 2 of 2
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